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2Abstract 
The role of processing parameters on the densification mechanism and microstructural 
evolution in laser sintered Al-12Si powder has been explored. It was established that 
both the densification mechanism and microstructural evolution in laser sintered Al-
12Si powder were controlled by the specific laser energy input. Analysis of the cross-
section of laser sintered microstructures of Al-12Si powders indicated that the tops of 
the grains in the previous layer are partially re-melted and then undergo epitaxial 
growth in the next layer where the heat affected zones (HAZ) grain boundaries and
solidification grain boundaries (SGBs) are continuous along the fusion boundary.
Key words: Aluminium silicon alloys; Epitaxial growth; Rapid solidification; 
Selective laser sintering; Spheroidisation; Microstructural evolution.
1. Introduction
Selective laser sintering (SLS) is an additive, freeform manufacturing process which 
creates 3D parts through the selective application of laser energy to powder beds. In 
common with other additive manufacturing processes it requires a 3D CAD 
description of geometry as a starting point, from which it derives a 2D stack of layers 
which represent the part. Each layer is then created by scanning a laser spot over the 
required cross-sectional area, and using the laser to melt, sinter and bond particles 
together in a thin lamina. By spreading a further layer of powder on top of the 
previously processed layer and repeating the scanning process subsequent layers can 
be created and simultaneously bonded to already existing layers, until such time as the 
entire stack of 2D layers has been created and bonded together to form the geometry 
described by the original 3D CAD solid model (Gu and Shen, 2009). Niu and Chang, 
(2000) demonstrated the capability of SLS in imparting full density into M2 HSS 
parts in a single step, thereby controlling grain sizes, shapes, phase percentages, and 
homogenising phase distribution. However, analysis of their work indicate that SLS
of metal powders necessitates the adoption of stringent process control in order to 
avoid difficulties such as part distortion, balling, and dross formation in the melt pool 
3which cause poor surface quality. Prior to the above study, Niu and Chang (1998) 
described the role of laser processing parameters, powder particle morphology, and 
powder oxygen content in the response of laser sintered high speed steel powders. The 
outcomes of their study suggest that the transition from partial sintering to liquid 
phase sintering to full melting/solidification with increasing laser power at low 
scanning rates is the underlying mechanism guiding the SLS process. Moreover,
Marangoni flow in the melt pool can affect the morphology of the melted tracks at 
high laser powers and low scanning rates with the agglomerate sizes increasing with 
increasing laser power or decreasing scan rates. 
According to Steen (2003), the laser processing technique generates typical high 
cooling rates ranging between 10
3
to 10
11
K/s, and is capable of imparting fine 
microstructures on materials processed by SLS. To demonstrate this, Steen employed 
the relationship between the energy density and the duration of laser-material 
interaction to define the operational regime of the SLS process which results in a 
unique temperature gradient (G), solidification rate (R) and cooling rate (T = G.R). 
Steen then observed that increasing the ratio G/R resulted in a gradual change in the 
solidification regime from dendritic to cellular dendritic and consequently to planar 
front growth. Furthermore, higher cooling rates (G.R) promote greater undercooling, 
thus producing finer grains. Hence, Srivastava et al., (1999) corroborated that the 
parameters (G/R) and (G.R) control the type of microstructure and the scale of the 
microstructure, respectively. Srivastava et al., (2001) investigated the influence of 
process parameters and heat treatment on the microstructure of direct laser fabricated 
TiAl alloy samples. The findings from their study revealed that a variety of 
microstructures, ranging from cellular to columnar to dendritic morphologies, is 
obtainable upon the variation of the laser power and scanning speed. Furthermore, 
heterogeneous and fine microstructures were imparted to direct laser fabricated 
samples in comparison with the conventionally processed engineering parts made of 
titanium alloys. Analysis of the microstructural properties of laser processed parts
reveals that a consideration of the competition between re-solidification by substrate 
regrowth and nucleation within an undercooled melt zone has helped in gaining an 
understanding of the importance of differentiating between external parameters and 
4internal kinetic parameters that determine the nature of the re-solidification 
microstructure obtained in direct SLS.
This paper reports on the SLS of aluminium alloy powders, which have been the 
subject of little research for their application in SLS. Sercombe & Schaffer (2004)
have investigated indirect SLS of aluminium alloys (using SLS to create a Al green 
part and infiltrating with a different Al alloy to create a fully dense Al alloy part, but 
direct SLS has not previously been reported upon. The aim of the research was to 
investigate the impact of the laser processing parameters on the densification and 
attendant microstructural evolution of aluminium powder parts produced directly 
from the SLS process.
2. Experimental procedure.
The starting material, designated as AL-5, was inert gas atomized 45-ȝP$O-12Si 
powder (spherical shaped particle), supplied by ALPOCO Limited. The loose 
apparent density, tap density, and flowability of the powder were determined 
according to the MPIF standard tests (01, 46 and 03 methods). A Philips XL30 ESEM 
Scanning Electron Microscope (SEM) with link Systems EDX and image capture 
accessories was employed to observe the particle shape. The chemical composition of 
the powder as supplied by ALPOCO is presented in Table 1. Multiple layer samples
were produced in Al-12Si powder by a Synrad 240W CO2 laser of 0.6 mm beam 
diameter having Gaussian profile. The laser processing parameters were used over the 
following ranges: laser power (100-200 W), scan rate (80-200 mms-1), scan spacing 
0.1-0.3 mm, and layer thickness 0.25-1.00 mm. 
Table 1: Elemental Composition of the Powdered Samples as Supplied by ALPOCO 
(weight %)
Powdered 
sample
Aluminium Silicon Oxygen Iron Copper
Al-12Si 88.40 12.1 - 0.36 0.08
The description of the experimental apparatus is given in detail elsewhere in 
Olakanmi, (2008), however the apparatus was built at the University of Leeds, and the 
5processing took place in an Argon atmosphere. The density of the fabricated samples 
was measured by using the volumetric method according to Dewidar et al (2003).
To establish the repeatability of experiments carried out using the apparatus an initial 
set of 25 samples was made using a laser power of 200W, a scan rate of 120 mm/s, a 
scan spacing of 0.1 mm, and a layer thickness of 0.25 mm, with the number of layers 
in a sample varying from 5 to 12.
Samples for metallographic examination were prepared and etched in dilute Keller’s 
reagent. Quantitative measurements of the secondary dendrite arm spacing between 
adjacent side of branches on the longitudinal section of a primary dendrite was made 
according to Gündüz & Cadirli (2002) while the volume fraction of the primary 
aluminium phase in the laser melted samples was determined by the systematic point 
counting method, as described in Gokhale, (2004), because it requires the least effort 
per observation. The weight fraction of the primary aluminium phase was estimated 
as shown in equation (1).
))ȡ(V)ȡ)/((Vȡ(VW eeĮĮĮĮĮ  (1)
Where VĮ is the volume fraction of the primary phase, WĮ is the weight fraction of the 
primary phase, ȡĮ is the density of primary phase, Ve is the volume fraction of the 
eutectic phase, and ȡe is the density of eutectic phase.
3. Results.
3.1 Powder Characterisation.
Figure 1 and Table 2 indicate that both loose apparent and tapping densities of the 
powder are function of the powder’s characteristics such as particle shape, particle 
porosity and particle size distribution. 
Table 2: Powders’ Characterisation
Powdered 
sample
Loose apparent 
density (g/cm
3
)
Tapped density
(g/cm
3
)
Flowability (s/50g)
Al-12Si 1.4347 1.7238 4.90
6Figure 1: SEM images showing the particle shapes of the as-received monosized Al-
12Si (AL-5).
A comparison of loose apparent and tapping densities shows that a 20% percentage 
increase in density was obtained upon the tapping of Al-12Si powder. Agitation of the 
powder is expected to have resulted in packing without bridging or arching, thus 
creating a more dense structure.
3.2 Repeatability Study
The results of the 25 measurements of density taken in order to establish repeatability 
are shown in Figure 2. The measured density ranged from 1.49 to 1.6 g/cm³ with a 
mean of 1.54 g/cm³, with a 99% confidence interval half-width of 0.01 g/cm³.
7Figure 2 – Variation in Sintered Density in Repeatability Trial
3.3 Effect of Processing Parameters on the Densification and Agglomeration in 
Laser Melted AL-5
The effects of laser power and scan rate, scan spacing, and layer thickness on the 
density of samples can be seen in Figures 3-5 and are consolidated onto Figure 6
which shows the variation of part density with specific laser energy input. The density 
values in Figures 3-6 are the average of two measurements – no significant variation 
in density values between tests at the same processing conditions were observed. The 
specific laser energy input is defined according to equation 2 below.
P/(uhd)ȥ  (2)
:KHUHȥLVWKHVpecific laser energy input (J/mm3), P is the power (W), u is the scan 
rates (mm/s), h is the scan spacing (mm) and d is the layer thickness (mm).
Meanwhile, an increase in scan rate results in the reduction of the density of laser 
melted AL-5 (Figure 3) whereas; there exists a direct variation relationship between 
the sintered density and the laser power (Figure 3).
8Figure 3: Variation of the density of SLS processed AL-5 powder with scanning 
rates at different laser powers.
Figure 4: Variation of the density of SLS processed AL-5 powder with scan
spacing at fixed laser power (240 W), and layer thickness (0.25 mm).
9Figure 5: Variation of the density of SLS processed AL-5 powder with layer 
thickness at fixed laser power (240 W), scanning rate (120 mm/s); and scan 
spacing (0.1 mm). 
Figure 6: Variation of the density of SLS processed AL-5 powder with the 
applied energy density. Processing conditions: laser power (100-200 W), scan 
rate (80-200 mms-1), scan spacing 0.1-0.3 mm, and layer thickness 0.25-1.00 mm.
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Furthermore, Figures 4 and 5 reveal that there exists an inverse relationship between 
the scan spacing and layer thickness on one hand and density of laser melted samples 
made in AL-5 on the other hand. Figure 6 shows that the density of SLS processed 
sample AL-5 increases as the quantity of specific laser energy delivered to the powder 
bed increases until a maximum density (2.05 g/cm
3
) is attained at a saturated specific 
laser energy input of 67 J/mm
3
after which a reduction in density is observed until a 
constant value lying between 1.90 and 1.95 g/cm
3
is achieved. 
Moreover, the manufacturing of functional engineering components by the SLS
technique requires the appropriate choice of powder layer thickness. This is because 
the thinner the powder layer chose for a specified range of specific laser energy input, 
the greater the degree of interlayer bonding and the lower the incidence of balling. For 
example, if the layer thickness is very high (1.00 mm), large and interconnected pores 
will be formed in the AL-5 microstructure (see region BB in Figure 7a). 
Figure 7: Effect of variation in layer thickness on the microstructure of laser sintered 
AL-5 powder at laser power of 200 W, scan rates of 120 mm/s; and scan spacing of 
0.1 mm: (a) 1.0 mm (b) 0.5 mm (c) 0.25 mm. 
This occurs because the powder layer, in this instance, has not completely melted as a 
result of the insufficient penetration of the laser beam. At a layer thickness of 0.25 
mm, inter-layer densification could be seen to have increased. Here, the available 
specific laser energy input is sufficient to re-melt the top of the previous layer in order 
to achieve coherent bonding (see region AA in Figure 7c). In agreement with 
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Chatterjee et al., (2003), it was established that the remelting of the deposited layer 
does not contribute to the “balling” effect, where melting of the powder particles may 
lead to spheroidisation if it does not wet the substrate. According to Agarwala et al.,
(1995), the minimum layer thickness is determined by the maximum particle size in 
the powder system and the precision of the powder delivery mechanism employed in 
the laser sintering equipment. In corroboration of Agarwala and co-investigators’ 
claim, it was discovered that lowering the layer thickness below 0.25 mm for AL-5
powder system resulted in difficulty in spreading a homogeneous layers of the fresh 
powders without displacing the SLS processed substrate layers which resulted in a 
decline in the quality of the SLS processed AL-5 specimens.
3.4 Effect of Processing Parameters on the Microstructure of Laser Melted AL-5.
Figure 8 shows representative inter-agglomerate structures in SLS processed AL-5
specimens as a function of the processing conditions. Figure 8 shows that though the 
microstructures consist of small pores, the connectivity and orientation of pores are 
largely dependent on the choice of processing parameters which determine the 
quantity of specific laser energy dissipated to the powder bed. 
Figure 8: Optical micrographs of etched, polished sections parallel to the build 
directions at different energy density: (a) 100 J/mm
3
(b) 75 J/mm
3
(c) 67 J/mm
3
(d)40 
J/mm
3
(e)13 J/mm
3
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For instance, elongated pores which are nearly perpendicular to the building direction 
were found in a sample fabricated with laser power of 200 W; scan rates of 120 mm/s; 
scan spacing of 0.1 mm and layer thickness of 0.25 mm which generated specific laser 
energy input of 67 J/mm
3
(Figure 8c). The inter-agglomerates are fully dense and 
consist of dendrite grains which are oriented nearly perpendicular to the build 
direction (Figure 8b). Comparison of the inter-agglomerate pores obtained at specific 
laser energy input of 100 J/mm
3
and 75 J/mm
3
(Figure 8a, b) with that produced by 67 
J/mm
3
shows that size of inter-agglomerates pores are larger and appear less dense for 
the former. Furthermore, the inter-agglomerates obtained when specific laser energy 
inputs are reduced to of 40 J/mm
3
, and 13 J/mm
3
are observed not to have been as 
fully dense as the sample made with specific laser energy input of 67 J/mm
3
.
It is evident that decreasing or increasing the specific laser energy input of 67 J/mm
3
led to an increase in pore sizes, less dense inter-agglomerates and less oriented pores 
(Figure 8a to e).
Figures 9, 10 and 11 show the overall macrostructure and microstructural evolution of 
samples produced at specific laser energy inputs between 50 and 100 J/mm
3
. The 
nature of dendritic morphologies obtained at varying specific laser energy inputs is 
presented in Figure 12. Moreover, in order to attempt to quantify the microstructural 
changes resulting from changes in the specific laser energy input, measurements of 
secondary arm spacing and primary phase fraction were made and the results are 
presented in Figures 13 and 14 respectively. Figure 13 shows that there is an increase 
in secondary dendrite arm spacing as energy density increases.
13
Figure 9: Sections through the micrograph of AL-5 (200W-80mm/s) generated by 
100J/mm
3
.
Similarly, there is a small but barely significant decrease in primary phase present. At
the highest energy density (100 J/mm
3
), there is the potential for greater melt 
superheat so it takes longer for the initiation of solidification. A lower temperature 
gradient may result giving rise to a lower cooling rate, hence, coarser dendrite arm 
spacing (Figure 12a and d). In AL-5, rather than the continuous network of pores; 
irregular shaped pores with no preferred orientation surrounded by a fully dense 
aluminium-silicon matrix are seen, accompanied by small, pin-hole pores. As the 
specific laser energy input is reduced by one-third to 67 J/mm
3
, superheating is not so 
pronounced giving a higher average interfacial temperature gradient leading to a 
faster cooling rate and slightly finer microstructure as shown in Figures 10 and 12b.
14
Figure 10: Sections through the micrograph of AL-5 (200W-120mm/s) generated by 
67 J/mm
3
.
Figure 11: Sections through the micrograph of AL-5 (150W-120mm/s) generated by 
50J/mm
3
.
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Top                                    Bottom
Figure 12: Characteristic microstructures of SLS processed AL-5 powder with 
varying processing conditions: (a, b) 100 J/mm
3
; (c, d) 67 J/mm
3
; (e, f) 50 J/mm
3
.
The pin hole porosity found could be attributed to the shrinkage which occurs during 
solidification. As the specific laser energy input is reduced to 50 J/mm
3
, the heat is 
just enough to sinter the powder and the dendritic microstructure can be seen to have 
become finer whilst the interconnectivity of the porosity increases (Figures 12c and 
17). Figure 13 shows that the average dendritic arm spacing at the top of the sintered 
VDPSOHV ȝPȝPȝPDUH VPDOOHU WKDQ WKDWREWDLQHGDW WKHERWWRPRI
HDFK VLQWHUHG VDPSOH ȝP ȝP DQG ȝP DW VSHFLILF ODVHU LQSXWV RI 
J/mm
3
, 67 J/mm
3
and 100 J/mm
3
respectively. Meanwhile, the average fraction of 
primary phase obtained with laser energy densities of 50 J/mm
3
, 67 J/mm
3
and 100 
J/mm
3
are 8.8wt%, 7.2wt% and 5.6wt% respectively (Figure 14). 
It can be seen that the growth of the secondary dendritic arm spacing is in direct 
relationship with the energy density irrespective of the depth of measurement because 
the dissipation of high energy density on the powder bed is accompanied by lower 
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thermal gradient and slow undercooling which results in coarse “broomlike” dendritic 
microstructure. On this basis, the fraction of primary phase in a laser sintered AL-5
might be adjudged to be indirectly proportional to the applied energy density. 
Figure 13: Relationship between the energy density and the average dendritic 
arm spacing of the SLS processed AL-5 powders across the depth of the laser 
sintered AL-5 samples
Finally, Figure 15 shows the effect of specific laser energy input on the average 
microhardness of SLS processed AL-5 powders. The maximum microhardness of 105 
kgf/mm
2
is found at specific laser energy input of 67 J/mm
3
, the same energy input at 
which the density (2.11 g/cm
3
) of SLS processed AL-5 is a maximum. Figure 16
shows the variation of microhardness across the horizontal sections of the SLS
processed AL-5 powder for each of these specific energy inputs. 
17
Figure 14: Effect of energy density on the fraction of primary phase in SLS
processed AL-5 powder.
Figure 15: Effect of specific laser energy input on the microhardness of SLS
processed AL-5 powder.
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Figure 16: Effect of specific laser energy input on the variation of microhardness 
across the sections of the SLS processed AL-5 powder.
4.0 Discussion of Results
4.1 Variability of Density
The variability study showed that the experimental and measurement processes 
involved in the determination of the density were sufficiently repeatable for the 
variations shown in Figures 3-6 and 15 to be significant at a 99% confidence level.
4.2 Effect of Processing Parameters on the Densification and Agglomeration in
SLS Processed AL-5 Powder
Figure 5 illustrates that the optimisation of the processing parameters is able to 
improve the densification kinetics for AL-5 powder. Furthermore, the reduction in the 
density of SLS processed AL-5 observed between 75 and 100 J/mm
3
coincided with 
the onset of spheroidisation, presumably as a result of increased lifetime of the liquid 
phase formation under the given processing conditions (Figure 9). The increase in 
inter-agglomerate pores and reduction in the density of SLS processed AL-5 samples 
as the specific laser energy input is less than 67 J/mm
3
could be explained by the 
reduction in the energy density applied to the powder bed as the laser power reduces 
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and scan rates, scan spacing and layer thickness increase according to equation 2.
Therefore, the lesser the energy density applied, the amount of liquid phase available 
for densification mechanism becomes largely insufficient, thus, the microstructural 
pore channels become bigger and inter-agglomerates become less dense. Furthermore, 
there seems to be a significant change in microstructure obtained with 67 J/mm
3
(Figure 8b) as a consequence the occurrence of re-melting. At specific laser energy 
input greater than 67 J/mm
3
, inter-agglomerate pore increases in size and reduces in 
sintered density due to the increased lifetime of the melt pool which causes 
spheroidisation as a result of reduced scan rates when laser power increases, as well 
as scan spacing and layer thickness also decreasing (Figures 8a and 9). These findings 
are similar to the results obtained by Simchi and Pohl (2003) and Xie et al., (2005) in 
the SLS of iron and H13 tool steel powders in that they identified a critical specific 
laser energy input at which the sintered density was saturated. Above this energy 
input, sintered microstructure was characterised by horizontal elongated pores while 
the sintered density remained almost constant.
4.3 Effect of Processing Parameters on the Microstructural evolution of SLS
Processed AL-5 Powder
In agreement with Steen, (2003), during SLS of AL-5, cooling of the molten pool 
occurs via the heat loss to the substrate and the surrounding atmosphere at rates of 
between 10
3
to 10
11
K/s. Initially, heat loss through the substrate culminates in rapid 
cooling via conduction rather than through convection and radiation. The 
consequence of this is directional growth of grains counter to the cooling direction 
(Figures 9 to 11). By considering the work of Nelson et al., (1999) in which the 
mechanism of fusion welding was compared to SLS processing since the base and 
weld metals are of similar composition, it can be argued that there is little or no free-
energy barrier to the phase transformation from liquid to solid due to complete 
wetting of the substrate by the molten weld metal, and the nearly ideal
substrate/interface provided by the partially melted heat affected zones (HAZ) grains 
at the fusion boundary from which the solid can nucleate and grow.
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Figure 17: Evidence of melt-back in the SLS processed AL-5 powder produced using 
specific laser energy input of 67 J/mm
3 Ĺ OD\HU GLUHFWLRQ 1RWH 5HJLRQ $$
indicates meltback across the layers).
Taking into account the analysis of Savage (1980), it is considered that the growth of 
a solid in the SLS molten pool evolved as atoms in the molten pool arrange 
themselves on the partially melted HAZ grains at the fusion boundary. Therefore, 
HAZ grains at the fusion boundary are thought to have been extended at the expense 
of the liquid in the SLS molten pool as it cools down. On the basis of the work of 
Nelson et al., (1999), just as it occurs in fusion welding of homogeneous metals, the 
crystallographic structure and orientation of the HAZ grains can be said to have been 
maintained without alteration across the fusion boundary of SLS processed AL-5
powders (Figures 9 to 11, and 17).
Meanwhile, it must be emphasised that the exact nature of the fusion boundary at the 
onset of solidification in the SLS processing of AL-5 powders is difficult to ascertain 
possibly due to its occurrence at high temperatures, coupled with the non-equilibrium 
conditions associated with the SLS process and the on-cooling transformations in 
materials. In agreement with the observation of Steen (2003), Figure 17 appears to 
show that the tops of the grains in the previous layer are partially re-melted and then 
undergo epitaxial growth in the next layer where the HAZ grain boundaries and 
solidification grain boundaries (SGBs) are continuous along the fusion boundary.
21
Presumably, as the first solid forms on the partially melted HAZ grains, the crystal 
structures of base and weld metal are the same. Likewise, lattice parameters between 
the base and weld metals in the SLS of AL-5 are very similar, because they are both 
the same composition. Once the latent heat of fusion has been liberated during SLS,
the atoms in the weld metal arrange themselves on the substrate provided by the 
partially melted HAZ grains without altering the crystallographic structure or 
orientation. Thus, the HAZ grains and grain boundaries are extended across the fusion 
boundary without alteration, similar to that observed in the fusion welding of 
homogeneous metals as described by Das, (2003). Re-heating of the previously 
solidified layers gives rise to re-growth in this part of the SLS processed sample. This 
process is repeated for many consecutive layers until heat loss via the substrate is no 
longer dominant due to poor thermal conductivity of the powder bed. In consonance 
with the observation of Steen, (2003), as the sample height increases, heat conduction 
through the built layers to the substrate becomes very poor and the build temperature 
increases (Figures 9 to 11) thereby causing significant heating to a greater depth with 
microstructural changes to a larger part of the build (Figures 12 and 13). As a result,
the microstructure in the bottom part of the build (Figures 12b, d, and f, 13) becomes 
coarse as evident by the occurrence of larger dendritic arm spacing which implies 
slower solidification rates. The occurrence of coarse structure at the bottom portion of 
the build could also be attributed to the lower thermal conductivity of the powder bed 
at the first instance laser beam was impinged on it. This initiates low cooling rates at 
the bottom portion of the build. As the build height increases, subsequent layers being 
deposited solidify on solid metal substrates which initiates high cooling rates, thus 
finer dendritic microstructures are found at the top portion of the build. The 
disappearance of layer bands in Figures 9 to 11 when the energy density varies 
between 50-100 J/mm
3
could be attributed to the same effect. Figures 9 to 13 again 
confirm the earlier assertion by Steen, (2003) that as the sample height increases, heat 
conduction through the built layers to the substrate (bottom portion of build) becomes 
very poor (due to poor thermal conductivity of the powder bed), and the build 
temperature increases thereby causing significant re-heating to a greater depth with 
microstructural changes to a larger part of the build. The observations made here are 
similar to those reported by Srivastava et al. (2001) in their studies of direct laser 
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fabricated TiAl-based alloys. Given that the higher the specific laser energy input, the 
lower the cooling rates generated across the depth of the samples during laser 
scanning. It can be inferred that the variation in dendritic arm spacing and fraction of 
primary phase in SLS processed AL-5 is marginal with variation in specific laser 
energy input (Figures 13 and 14). Arnberg et al. (1993) reported that the primary 
dendrite fraction in some Al foundry alloys decreased with increasing cooling rate 
whereas Veldman et al. (2001) reported the opposite behaviour, a slight increase with 
cooling rate. It must be emphasised that the processing techniques employed by these 
researchers is quite different from the SLS under investigation in this research. 
Nevertheless, the finding from this work in respect of the influence of the cooling 
rates on the fraction of primary dendrite phase in SLS/SLS processed AL-5 agrees 
with the findings of Veldman et al. (2001). Moreover, the differences in the method 
of measurement of the fraction of primary dendrite phase as well as the chemical 
composition of the materials investigated by various groups of investigators should be 
noted as this may be responsible for the different findings of their work. Finally, the 
variation of microhardness (Figure 16) across all the samples in a non-systematic 
manner is indicative of the microstructural heterogeneity noted earlier on.
Furthermore, the relationship between the microstructural evolution of the laser 
melted samples of AL-5 and their densities could be inferred from Figures 5, 8, 9, 10
and 11. The attainment of the highest density (2.05 g/cm
3
) and most desirable 
microstructure when specific laser energy input was 67 J/mm
3
could be attributed to 
the initiation of appropriate laser-material interaction regime which generates 
adequate liquid phase for the solidification mechanism, inhibits the process of 
agglomeration, and promotes high cooling rates across the SLS fabricated specimens 
at this instance. Reduced densities and less desired microstructures obtained at the 
specific laser energy inputs lower or higher than 67 J/mm
3
could be explained by 
extremely shorter or longer laser-material interaction regime which promote the life 
time of the existing liquid phase beyond necessary, thus initiating spheroidisation, and 
extremely low cooling rates which result in coarse dendritic structures and porous 
microstructure in the samples.
23
5.0 Conclusions
(1) The degree of porosity and its orientation as well as the densification of the inter-
agglomerates of Al-12Si powders were found to be controlled by the choice of 
processing parameters. 
(2) At energy density lower or higher than the optimum value of 67 J/mm
3
, the 
sintered microstructure was heterogenous and characterised by large and irregularly 
shaped pores. The microstructural evolution of direct SLS processed AL-5 was found 
to be dependent on the applied energy density. As this was increased, the dendritic 
morphology was found to be increasing in its coarseness and the fraction of the 
available primary phase was decreasing.
(3) Partial re-melting of the top of the grains in the of Al-12Si powders was 
discovered to have occurred, then undergo epitaxial growth in the next layer where 
the heat affected zones (HAZ) grain boundaries and solidification grain boundaries 
(SGBs) are continuous along the fusion boundary.
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